Rats were trained to associate artificial cherry or grape flavors with 1% starch suspensions. Conditioning was assessed by offering the rats a choice of the cherry versus grape flavors without starch. Conditioned preferences were moderately strong and persistent; 3 days of conditioning produced a preference that did not fully extinguish within 18 days. Food deprivation substantially increased intake of 1% starch suspension. However, the degree of preference conditioned was not influenced by the availability of food during the conditioning period; the rats that had been food deprived during training acquired as strong a preference as did those fed freely during training. The degree of preference obtained was similar in the rats given reinforcing and nonreinforcing fluids simultaneously or sequentially. Starch conditioned a slightly stronger preference than did the same concentration of glucose, even though these substances contain the same amount of calories. A statistically significant, but weak, preference was conditioned by 0.5%, but not by 0.25%, starch. It is proposed that the flavor of starch, independent of its calories, is reinforcing to rats.
Pairing a flavor with a nutrient increases subsequent preference for the flavor (Bolles, 1983; Booth, 1990; Mehiel, 1991; Sclafani, 1990 Sclafani, , 1991 Tordoff, 1991; Weingarten, 1990 ). This form of conditioning is reinforced partly by the hedonic effects of the nutrient's oral-sensory properties (flavor) and partly by the nutrient's postingestive effects (calories). The relative importance of oralsensory and postingestive factors in flavor preference conditioning is unknown. Several studies have shown that nutrients can reinforce flavor preferences through their postingestive effects (Sclafani, 1990 (Sclafani, , 1991 Tordoff, 1991) , but evidence supporting flavor-reinforced conditioning is limited to sweet (Fanselow & Birk, 1982; Messier & White, 1984) and greasy (Elizalde & Sclafani, 1990a) substances.
The world's most abundant nutrient, starch, is neither sweet nor greasy. Little is known about the reinforcing properties of starch because investigators have used maltodextrins as a convenient substitute (Booth, Mather, & Fuller, 1982; Elizalde & Sclafani, 1988; Mehiel, 1991; Sclafani & Nissenbaum, 1988) . This substitution is not appropriate because the two substances have very different sensory properties in conditioned-taste-aversion studies (Ramirez, 1991b) . Indeed, these substances probably are sensed via entirely different sensory systems, gustation for maltodextrins and touch and olfaction for starch (Ramirez, in press ).
In the experiments described here, flavor preferences were conditioned in rats by offering them a choice of two artificially flavored fluids, one of which contained starch.
The degree of preference conditioning was subsequently assessed by offering the rats a choice of the two training flavors without starch. Because there is no noncaloric starch flavor, analogous to saccharin, a variety of indirect methods were used to identify the relative contributions of oral-sensory and postingestive factors. The concentration of starch used was just above the preference threshold (Ramirez, 1991a) in order to minimize postingestive effects.
EXPERIMENT 1
The caloric effects of dilute nutrients should be more easily perceived and have a greater impact in fooddeprived animals. Because rats with free access to food eat frequently and tend to drink at mealtimes (Kissileff, 1969) , any nutrients in their drinking water will become mixed with, and diluted by, substantial amounts of highstarch food in their stomachs. Such effects should not occur in food-deprived rats because their stomachs should be empty when they ingest training fluids. Indeed, food deprivation should increase the drive to ingest caloric substances.
One factor that could complicate this experiment is the observation that pairing flavors with a deprivation state can influence subsequent preference (Capaldi & Myers, 1982; Capaldi, Sheffer, & Owens, 1991) . In order to minimize such effects, both reinforced and nonreinforced flavors were available simultaneously during each training trial.
Method
Subjects. Twenty-eight female Fischer F-344 rats (Harlan Sprague-Dawley, Indianapolis, IN), weighing 133±2 g (M±SEM), were housed individually in hanging stainless steel cages and were maintained on a 12:12-h light:dark cycle at 21°-24°C. The rats were freely fed Purina Laboratory Chow (#5001) in steel hoppers Copyright 1994 Psychonomic Society, Inc.
in the rear of the cages, except as indicated below. Purina Laboratory Chow contains about 49 % carbohydrate, most of which is starch. All the animals were maintained in the laboratory for at least 1 week after arrival to permit them to acclimate to their surroundings before testing began.
Starch. Regular (dent) cornstarch was purchased locally (Argo, CPC International, Englewood Cliffs, NJ). Cornstarch is a fairly typical starch with regard to its physical and chemical properties, and with regard to the preference values obtained (Ramirez, 1991a (Ramirez, , 1993b . Conditioned-aversion experiments indicate that cornstarch has a flavor like that of other starches (Ramirez, 1991b (Ramirez, , 1992 (Ramirez, , 1993a .
Starch suspensions are unstable in plain water. As in previous studies, xanthan gum (0.3 %, Sigma Chemical Co., St. Louis, MO) was added to all training fluids to prevent precipitation of starch (Ramirez, 1991a) . The control fluid, which did not contain starch, contained the same concentration of xanthan gum as the fluid containing starch.
Procedure. The procedure was similar to that used in previous experiments (Ramirez, 1991a (Ramirez, , 1991d . In the present experiment, the rats were randomly assigned to one of two groups of 14 rats each. Both groups were offered a choice of 1% cornstarch solution versus vehicle on Days 1, 3, and 6. Group 1 was food deprived on the days that the training fluids were offered. Group 2 was food deprived for 1 day immediately after each day that the fluids were offered. Although both groups were food deprived for exactly the same amount of time, Group 1 was deprived during training, whereas Group 2 was freely fed during training. For half of the rats, the starch contained 0.05% Kool-Aid cherry flavor, and the vehicle contained 0.05 % Kool-Aid grape flavor (Sclafani & Nissenbaum, 1988) ; the other half of the rats received the reverse combination. The rats received a choice between cherry-and grapeflavored water, beginning on Day 9 ofthe experiment and continuing for the next 18 days. The rats were given tap water in sipper botties to drink freely when they were not given test fluids. The animals always had some fluid to drink, but they never had both tap water and test fluids at the same time.
In all of the tests, intake was measured in the light part of the light:dark cycle, 3 to 4 h before the lights went off. Test fluids were available for 24 h at a time. The left-right position of the starch mixture was reversed in successive tests. Fluids were offered in 120-ml glass jars placed inside the front of the cages. All mixtures were formulated on a weight basis because intake was measured by weighing. Suspensions were made fresh daily with deionized water.
Statistics. Preference was computed as intake of the carbohydrate suspension divided by total fluid intake. A value of 50% indicates no preference, and 100% indicates complete preference for carbohydrate suspension. Preference scores for grape and cherry flavors were converted to preference for CS+, that is, the flavor that had been paired with starch (Elizalde & Sclafani, 1988; Sclafani & Nissenbaum, 1988) . Probability values were computed with t tests.
Results and Discussion
Food deprivation did not enhance the development of a conditioned flavor preference, although it enhanced consumption of starch during training. The rats that were food deprived while starch was available (Group 1) had a greater preference for starch suspension than did those in Group 2, which had both food and the starch suspension available at the same time [88%± 1% for Group 1 vs. 83%±2% for Group 2; t(26) = 2.l,p < .05]. The food-deprived rats drank:significantly more fluid than did the fed rats [37 ±3 for Group 1 vs. 28±1 g/day for Group 2; t(26) = 3.2, P < .005]. These findings are con- was freely available or when food was withheld in Experiment 1. All the rats were freely fed during the period depicted in the rJgUl'e. Each point represents the mean (±SEM). The dotted line represents 50% preference (i.e., no evidence for discrimination).
Condition During Training
sistent with previous studies involving sugars and saccharin (Gilbert & Sherman, 1970; Smith & Duffy, 1957) . Figure I shows that both groups had strong and persistent preferences for the flavor paired with starch after training. Preference scores for the rats that were trained with both starch and food available at the same time were significantly greater than 50% (all t tests, p < .05) on every day except Day 14 of extinction. Preference scores for CS+ for the food-deprived rats in Group 1 were statistically different from 50% except onDays 10, 12, 14, 16, 17, and 18 . Despite the apparently greater preference for CS+ in Group 2, a mixed-design analysis of variance (group x day) revealed no differences between the two groups (ps > .20).
The observation that food deprivation did not enhance the development of a conditioned flavor preference is consistent with the hypothesis that acquired flavor preference is based on flavor rather than postingestive effects. Furthermore, the degree of preference conditioned and its resistance to extinction were larger than one might expect for a reinforcer containing so few calories. This result is even more surprising when one notes that the animals were tested with a different fluid (plain water) than the one they were trained with (xanthan gum solution); this factor should have facilitated extinction (Bonardi, Honey, & Hall, 1990) . Another group of investigators has reported strong resistance to extinction following conditioning with intragastric infusions (Elizalde & Sclafani, 1990b) , but they used a much longer, more complex training protocol and a more concentrated reinforcer.
EXPERIMENT 2
If flavor preferences are reinforced by the postingestive effects of starch, offering only one training solution at a time should produce more effective conditioning than offering both rewarded and unrewarded fluids simultaneously (Bolles, Hayward, & Crandall, 1981; Galef, 1991) . Although flavor preferences can be conditioned by postingestive events when rats are offered reinforced and nonreinforced solutions simultaneously (Baker & Booth, 1989; Drucker, Ackroff, & Sclafani, 1993) , such a procedure should not produce optimal conditioning. The reason for this is that carbohydrate digestion can take many minutes, or even hours (Dreher, Dreher, & Berry, 1984) ; a rat that ingests a fluid, and then ingests another before the first is fully digested, should find it difficult to learn which fluid produced the delayed postingestive effect. The influence of this factor should be particularly severe with starch because starch is digested more slowly than are sugars (Malik, Trout, Emamali, & Brendza, 1982) . Experiment 2 was an examination of whether simultaneous presentation of rewarded and unrewarded fluids hinders conditioning.
Method
Subjects and Apparatus. Thirty-two female F-344 rats, weighing 119± I g, were obtained from Harlan Sprague-Dawley and FLAVOR PREFERENCES 183 housed as in Experiment I. Conditioning and testing occurred in each rat's home cage. Procedure. The rats were assigned randomly to either a sequential (n = 16) or a simultaneous group (n = 16). The protocol was somewhat complicated because an attempt was made to ensure that the number of training days was the same for both groups. On Days I, 3, and 5 of training, the sequential group was given a 1% starch suspension mixed with the appropriate flavor (half of the rats received cherry plus starch; the other half received grape plus starch). The alternate flavor in the absence of starch served as CS-. The simultaneous group was given both the flavored starch suspension and flavored vehicle on Days I, 3, and 5 of training. On Days 2, 4, and 6, both groups were given the vehicle with the other flavor. All the rats in both groups were given plain water for 3 days after the last conditioning session and then were tested for their preference for CS+ versus CS-in plain water for 2 days. All other aspects of the procedure were the same as in Experiment I.
Results and Discussion
The sequential protocol did not enhance conditioning. As shown in Table 1 , the sequential group ingested somewhat more starch suspension than vehicle during training, whereas the reverse was true for the simultaneous group. Mean CS+ preference scores during the [mal test were significantly greater than 50% (68% ±3% and 65 % ± 2 %, respectively, for the simultaneous and sequential groups, p < .001). The groups did not differ from each other with regard to preference or intake on any day or combination of days (all ps > .2, including the group x extinction day interaction). Preference scores for Day 1 . The observation that the sequential protocol did not enhance learning is consistent with the hypothesis that the reinforcer is flavor rather than postingestive effects. It also should be noted that both the simultaneous and sequential groups preferred the CS+ fluid even though the s~ul taneous group drank more vehicle than starch suspension, whereas the sequential group drank more starch suspension than vehicle. This outcome indicates that preference for CS+ cannot be attributed to the rats' having consumed more of this solution than the solution associated with CS-.
Procedure. All the rats received simultaneous access to both flavored starch suspension and flavored vehicle for 3 consecutive days. Then, the subjects were given plain water for 5 days,~ollowed by a preference test for CS+ versus CS-flavors in plain water for 2 days. All other aspects of the procedure were as in Experiment 1.
Simultaneous presentation of rewarded and nonrewarded fluids did not hinder learning. 
EXPERIMENT 3 EXPERIMENT 4
It seemed possible that the simultaneous gro~p in Experiment 2 might have learned about the propertI~S of t?e CS-fluid on the days when it was the only fluid available. Data from Experiment I cannot be compared with that from Experiment 2 because the protocols used in the two experiments were very different. In Expe~ent 3, rats were trained in a fashion similar to that used In Experiment 2, except for the absence of days in which the nonreinforced fluid was the only one available. Sugars owe their reinforcing effects to both thei.r flavor and their postingestive effects (Ackroff & Sclafaru, 1991; Fanselow & Birk, 1982; Messier & White, 1984) . If the reinforcing effects of starch are solely due to its postingestive effects, then starch should be a less effective reinforcer than glucose. Indeed, because uncooked starch is digested more slowly than glucose (Malik et al., 1982) , the postingestive effects of starch should be atten~ated on account of delayed reinforcement, compared WIth those of glucose. In Experiment 4, the reinforcing effects of starch and glucose were compared.
The extinction test offered an opportunity to test postingestive conditioning in another way. It has been proposed that food deprivation enhances preferences conditioned by calories, but not preferences conditioned by flavor alone (Fedorchak & Bolles, 1987) . Experiment 4 was an investigation of whether withholding food for 1 day during extinction would influence preference.
Method
SUbjects and Apparatus. Thirty-two female F-344 rats, weighing 126±2 g, were obtained from Harlan Sprague-Dawley and housed as in Experiment 1.
Procedure. The rats were randomlyassigned to a starch (n = 16) or a glucose (n = 16) group. The starch group was trained with 1% starch, and the glucose group was trained with 1% glucose (Sigma Chemical Co., St. Louis, MO). The training protocol was the same as that used for the simultaneous group in Experiment 2, except that the glucose group was not offered vehicle on the last day of training; they were given tap water instead. This change was implemented in order to make the ratio of carbohydrate intake to vehicle intake equal in the two groups. If both groups had been offered test fluids for the same number of days, one might be able to argue that the starch group had become more familiar with the CS+ flavor than the CS-flavor.
Extinction tests began 3 days after the last training day for the starch group. The rats were offered grape and cherry flavors in plain water for 7 consecutive days. Food was withheld on Day 5. All other aspects of the procedure were as in Experiment 1.
Results and Discussion
Starch was a slightly better reinforcer than was glucose.
The rats showed a stronger preference for starch (81%± 2 %) than for glucose (73%± 2 %) during training
This result, by itself, suggests that 1% starch has more potent motivational effects than does equicaloric glucose. The number of training trials was set so that the ratio of CS+ to CS-fluid intake was similar in the two groups (0.85±0.04 and 0.86±0.03, respectively, for the starch and glucose groups). Figure 2 shows that the starch group showed a stronger preference for CS+ than did the glucose group over the entire extinction period [F(1,30) = 5.6,p < .025]. This result suggests that the reinforcing effects of starch are due to its flavor rather than its calories.
As can be seen in Figure 2 , food deprivation had no effect on fluid preference; however, total fluid intake was dramatically reduced. On the day before food deprivation, the starch and glucose groups drank, respectively, 23 ±2 g and 21 ± 1 g. On the day food was withheld, the starch and glucose groups drank, respectively, only 9 ± 1 g and 1O± 1 g. This outcome is unlike the pattern seen during training in Experiment 1. These results are consistent with the hypothesis that the reinforcer is flavor rather than postingestive effects.
EXPERIMENT 5
The final experiment was an attempt to determine whether concentrations lower than 1% starch can be rewarding. Although there is no starch concentration having zero postingestive effects, explanations based on postingestive effects become less plausible as the concentration is decreased.
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Method Subjects and Apparatus. Thirty-two female F-344 rats, weighing I04± 1 g, were obtained from Harlan Sprague-Dawley and housed as in Experiment I.
Procedure. The rats were randomly assigned to one of two groups of 16 rats each. One group was trained with 0.5% starch and the other group was trained with 0.25% cornstarch. Both groups were trained by a modification of the procedure that was used for the simultaneous group in Experiment 2. The rats received a choice of flavored starch suspension and vehicle on Days I, 3, 5, and 7, and flavored vehicle alone on Days 2, 4, 6, and 8. Training was interruptedbetween Days4 and 5 by a 3-day rest period (a weekend), during which the rats were given plain water to drink. Beginning 5 days after the final training day, the rats were offered a choice of cherry-versus grape-flavored water for 2 days. All other aspects of the procedure were as in Experiment I.
Results and Discussion
Only one of the two starch concentrations elicited a significant preference during training; this concentration also produced significant conditioning. As would be expected, starch preference was lower during training than in the previous experiments (Group 0.5%, 62% ±2%; Group 0.25%,53% ±3%). This difference between groups was statistically significant [t(30) = 2.6, p < .02]. Mean starch preference for Group 0.5 % was significantly greater than 50% [t(I5) = 5.5, p < .001]. As shown in Table 1 , all the rats drank substantially more of the nonreinforced flavor than the starch flavor because preferences were very low.
Mean CS+ preference during the final test in Group 0.5% was significantly greater than 50% [58% ±3%, t(I5) = 2.5, p < .025]. Mean CS+ preference in Group 0.25% was not significantly greater than 50% (53% ±4%). Therefore, the lowest concentration that can be conditioned with this technique was approximately 0.5%. Because rats of this age and strain ingest roughly 30 kcal of food per day (Ramirez, I99lc) and less than 15 rnl of 0.5% starch suspension per day (see Table 1 ), the rats were getting about 1% of their daily calories from the starch suspension. It is therefore remarkable that conditioning was detectable at all.
GENERAL DISCUSSION
A 1% starch suspension can condition a moderately strong and persistent flavor preference; 3 days of training conditioned a preference that had not fully extinguished over 18 days. Although the present studies cannot rule out postingestive reinforcement, the predominant reinforcer at low concentrations seems to be flavor rather than calories. This explanation is consistent with the observation that starch is a more effective reinforcer than glucose (Experiment 4). Because glucose owes its reinforcing properties to a mixture of taste and calories, and because glucose has the same number of calories as starch, the flavor of starch must possess reinforcing properties analogous to those exerted by sweet taste. Supporting evidence comes from the observation that the magnitude of the conditioned preference was unaffected by the availability of food during training (Experiment 1) and testing (Experiment 4). Furthermore, it would be difficult to account for the ability of rats to learn preferences with concurrent presentation of rewarding and unrewarding fluids, unless the conditioning was assumed to be reinforced by flavor (Experiments 2 and 3) .
One technical problem with the present experiments is that untrained rats tend to ingest starch suspensions more avidly than they drink vehicle. There is no simple way to control for this. If one limits the amount of time that each fluid is available, rats will tend to drink more starch suspension than vehicle. If one limits the amount of fluid available, rats will drink the starch suspension first and then ingest the vehicle. The approach taken in the present studies was to vary the availability of the fluids, so that in some experiments the rats drank more starch than vehicle, whereas in other experiments they drank more vehicle than starch, as is shown in Table 1 . It seems reasonable to conclude that the differential intake of starch and vehicle cannot account for the consistent preferences for the flavor paired with starch, seen in all the experiments.
In the present experiments, only low concentrations of a single variety of starch were examined. These results probably apply to other varieties and concentrations of starch because rats prefer several different starches to a similar degree (Ramirez, 1991a) . Furthermore, conditioned-aversion studies indicate that botanically diverse starches have similar chemosensory properties (Ramirez, 1991b (Ramirez, , 1992 (Ramirez, , 1993a . Available data indicate that when given a choice of two concentrations of starch, rats usually prefer the more concentrated starch suspension (Ramirez, unpublished data) . Therefore, if 0.5%-1 % starch can act as a reinforcer, higher concentrations must also be able to reinforce fluid preferences.
The majority of recent discussions of flavor preference conditioning have emphasized the postingestive effects of foods (Booth, 1990; Mehiel, 1991; Sclafani, 1990 Sclafani, , 1991 Tordoff, 1991; Tordoff, Tepper, & Friedman, 1987; Weingarten, 1990) . A few researchers have emphasized social factors (Galef, 1991; Rozin, 1990) . The present results suggest that more attention should be given to the rewarding chemosensory effects of nutrients.
